INTRODUCTION
The UNAIDS 90-90-90 targets challenge health care systems to diagnose 90% of people living with HIV, link 90% of those diagnosed to care and treatment, and to achieve viral suppression in 90% of those in care. 1 Data on the determinants of the HIV care continuum from key populations (KPs) such as men who have sex with men (MSM) in resourcelimited settings are needed to inform targeted interventions in these populations to achieve the UNAIDS targets.
Previous studies focused on individual characteristics associated with HIV testing, antiretroviral therapy (ART) initiation, and viral suppression. [2] [3] [4] [5] [6] [7] Besides individual characteristics, sexual network factors may affect HIV testing and downstream engagement in health services. 8 MSM face challenges in accessing health care that may be alleviated by culturally competent care providers, peer health navigators, and/or integrated health care services. 9, 10 For example, in Nigeria, same-sex practices are criminalized and MSM are highly stigmatized. 11, 12 For this reason, it remains challenging to effectively engage MSM living with HIV in Nigeria, given that they are less likely to access health care services and are at risk of uncontrolled viral load (VL). MSM are disproportionately affected by HIV, with prevalence of HIV among Nigerian MSM ranging from 44% to 66% compared with 3.2% in general population. 13, 14 Similarly, incidence and prevalence of sexually transmitted infections among Nigerian MSM are high, 13, 15 posing the risk of adverse clinical outcomes and also onward HIV transmission. Understanding the multilevel barriers and enhancers is key to designing and implementing more effective treatment and prevention programs. In this study, we characterized the HIV care continuum within the context of test and treat among MSM in Nigeria.
METHODS

Study Design and Population
MSM were recruited into a prospective combination HIV prevention and treatment study (TRUST/RV368) using respondent-driven sampling in 2 clinics in Abuja and Lagos, Nigeria as previously described. 16, 17 In brief, eligible participants were born male, aged 16 years and older (Abuja) or 18 years and older (Lagos), engaged in receptive or insertive anal intercourse in the past year, and provided informed consent in English or Hausa. Through community-based convenient sampling, 12 individuals (seeds) who are highly connected within the target population were recruited. Seeds recruited up to 3 of their social and/or sexual eligible partners through the distribution of coupons. Recruitment chains ranged in length from 0 to 28 waves as of August 2017. Seeds and subsequent recruits were included in these analyses. 
Data Collection
In these analyses, study participants (egos) provided information on up to 5 of their partners (alters) from the past year. Face-to-face interviews using a structured questionnaire were administered to each ego at baseline and every 3 months for up to 18 months. The questionnaire captured demographic characteristics as well as other information such as receiving information about HIV prevention and participation in HIV prevention meetings in the past 12 months, sexual orientation, fear of seeking health care, avoiding seeking care, blackmail, Clinical data and blood samples were collected at baseline and at each follow-up visit. Blood samples were tested for HIV infection using rapid HIV antibody tests following the parallel testing algorithm for high-risk individuals according to national guidelines in Nigeria. 18 Plasma VL tests were conducted every 3 months (Abuja) or 6 months (Lagos) using COBAS TaqMan HIV-1 Test (Roche Molecular Diagnostics, California).
Definition of Variables
The outcome variables of interest were HIV testing, ART initiation, and viral suppression. HIV-diagnosed participants underwent HIV treatment preparation counseling and initiated ART. Those who initiated ART and had HIV-RNA #1000 copies per milliliter at 6 months after ART initiation were considered virally suppressed in accordance with WHO guidelines. 19 Network size was defined as the number of MSM the study participant knew and/or had seen or communicated with in the past 6 months. Network density was defined as degree of connection in the network and was calculated as the total number of actual ties divided by the total number of potential ties. 20 Network density scores were dichotomized, with , 50% indicating smaller network density and $50% indicating larger network density. To understand the effect of social support on HIV care continuum, participants answered the following 5 questions: "Can you count on other MSM in your group of friends if you need to borrow money," "Can you count on other MSM in your group of friends to accompany you to a doctor or hospital," "Can you count on other MSM in your group of friends if you need to talk about your problems," "Can you count on other MSM in your group of friends if you need somewhere to stay," and "Can you count on other MSM in your group of friends to help deal with a violent or difficult situation." Responses were measured using a Likert scale ranging from (0) strongly disagree to (3) strongly agree. Scores were summed (score range: 0-15) and the Cronbach alpha was 0.82. Scores were dichotomized at the median, with ,10 indicating weaker social support and $10 indicating stronger social support. Strength of partner's information was based on the ego's rating from 0 (not sure at all) to 10 (100% sure) about the information he provided on his alter. Rating scores were dichotomized at the median, with,8 indicating weaker strength of partner's information and $8 indicating stronger strength of partner's information. Strength of partner's relationship was based on the ego's rating of his friendship with his alter on a scale of 0-10. Rating scores were dichotomized at the median, with ,6 indicating weaker relationship and $6 indicating stronger relationship.
Statistical Analysis
Frequencies of categorical variables were calculated as the proportions of participants sampled. At the ego level, correlates of HIV testing were assessed using bivariate and multiple logistic regression models. From the list of alters, we created ego-alter pair data, which consisted of one data record for each sexual partner that included participant characteristics and ART initiation and viral suppression outcomes. For the paired data analysis, logistic regression with generalized estimating equations was used to account for the correlations of the ego in each ego-alter relationship. Because participants who did not test for HIV did not have alters' information collected, logistic regression models using paired data were fit to assess ego and alter predictors of ART initiation and viral suppression. For the analyses of paired data, 3 hierarchical models were performed. Model 1 included only ego characteristics. In model 2, alter characteristics were added to model 1. In the final model, model 3, cross level differences and interaction terms were added to model 2. Akaike information criterion,-2log likelihood (-2LL), and likelihood ratio test were used to assess the fitness of hierarchical models. Multivariate models included prespecified, biologically plausible factors of interest and variables with Pvalue of less than 0.2 in bivariate models. In hierarchical models, variables were sequentially added in a stepwise manner while checking the model fit. Dummy variables were created for the missing data. All associations were presented as adjusted odds ratios (aORs) with 95% confidence intervals (CIs). Statistical analyses were conducted using SAS version 9.3 (SAS Institute, Inc., Cary, NC).
RESULTS
Study Population
Between March 2013 and August 2017, a total of 2024 MSM were recruited and those who had a known HIVpositive status were excluded (n = 518). Of the remaining 1506 MSM with unknown HIV status, 1178 (78.2%) were tested for HIV and 369 (31.3%) were HIV-infected (Fig. 1) . Of these newly diagnosed individuals, 188 (50.9%) initiated 
Ego Characteristics
The median age of egos was 24 [interquartile range (IQR), 21-27] years. The majority of egos were aged between 20 and 29 years (n = 1033, 68.6%), had senior secondary school education (n = 765, 50.8%), were Christian (n = 983, 65.3) and were bisexual (n = 971, 64.5%). One hundred ninety four (12.9%) received information about HIV prevention in the past 12 months and participated in HIV prevention meetings (n = 345, 22.9%). Most (n = 1028, 68.3%) had a network size between 1 and 10 partners, had a network density $50% (n = 478, 31.7%), and reported avoiding seeking health care (n = 431, 28.6%). Nearly a quarter (24.2%) reported disclosing sexual orientation to health care providers and never had a previous HIV test (n = 519, 34.5%). The median social support score was 10 (IQR, 8-11) and nearly a third had social support score $ median (n = 436, 29.0%).
Alter Characteristics
The median age of alters was 25 (IQR, 22-30) years. Of 3370 alters, 1930 (57.3%) were aged between 20 and 29 years and 1671 (49.6%) had more than senior secondary school education. Based on the egos' responses, 1839 (54.6%) alters had social economic status higher than ego's and 1817 (53.9%) were bisexual. Eighty seven alters (2.6%) were HIV-positive and 2107 (62.5%) were casual relationships. The median score measuring egos' confidence in alters information was 8 (IQR, 6-9). 
HIV Testing
Multivariate analyses of ego characteristics (Table 2) showed that higher education, senior secondary school vs. ,senior secondary school (aOR = 2.4; 95% CI: 1.7 to 3.4), years (aOR = 0.6; 95% CI: 0.4 to 1.0), religion, Moslem vs Christian (aOR = 0.4; 95% CI: 0.3 to 0.6), and blackmail (aOR = 0.9, 95% CI: 0.8 to 1.0) were associated with decreased odds of HIV testing.
Multilevel Modeling Ego Characteristics and ART Initiation (Model 1)
Having higher education, .senior secondary school vs. ,senior secondary school (aOR = 2.4; 95% CI: 1.5 to 4.0) was associated with increased odds of ART initiation (Table  3) . Participants having stronger social network support (aOR = 1.4; 95% CI: 1.0 to 1.8) also had increased odds of ART initiation. Younger participants, 20-29 vs. $30 years (aOR = 0.5; 95% CI: 0.3 to 0.9) and Moslems (aOR = 0.5; 95% CI: 0.3 to 0.6) had decreased odds of ART initiation.
Alter Characteristics and ART Initiation (Model 2)
Compared with participants whose sex partners had less than senior secondary school education, those whose partners who had more than senior secondary school (aOR = 2.0; 95% CI: 1.0 to 4.1) were significantly associated with increased odds of ART Initiation. The odds of participants initiating ART was higher when alters and egos had similar level of social economic status compared with when alters had lower social economic status relative to ego (aOR = 1.9; 95% CI: 1.2 to 3.0).
Cross Level Differences/Interactions and ART Initiation (Model 3)
Participants with larger network size and stronger social support had increased odds of ART initiation compared with those with smaller network size and weaker social support (aOR = 1.4; 95% CI: 1.0 to 2.2).
Ego Characteristics and Viral Suppression (Model 1)
Multivariate associations of ego and alter characteristics and 6-month viral suppression are presented in Table 4 . Younger age, 20-29 vs. $30 years (aOR = 0.3; 95% CI: 0.1 to 0.8) and having a large network size 11-20 vs. 0-10 (aOR = 0.6; 95% CI: 0.3 to 0.9) were associated with decreased odds of viral suppression. Moslems (aOR = 1.8; 95% CI: 1.0 to 3.1), those who disclosed MSM status to health care workers (aOR = 1.8; 95% CI: 1.1 to 3.2), and participants with stronger social support from other friends within their networks (aOR = 2.8; 95% CI: 1.9 to 4.2) had increased odds of viral suppression.
Alter Characteristics Viral Suppression (Model 2)
The odds of participants achieving viral suppression is higher when alters and egos had similar level of social economic status compared with when alters had lower social economic status relative to egos (aOR = 2.3; 95% CI: 1.1 to 4.5).
Cross-Level Differences/Interactions and Viral Suppression (Model 3)
Participants with larger network size and stronger social support had increased odds of achieving viral suppression compared with those with smaller size density and weaker social support (aOR = 3.0; 95% CI: 1.1 to 8.2).
DISCUSSION
The provision of MSM-friendly health care services by integrating universal coverage of ART into community-based clinics facilitated the achievement of moderate levels of the HIV care continuum outcomes in this population. Approximately 78% of the study participants tested for HIV, and of those infected, slightly over half initiated ART. These proportions are far less than the UN targets, suggesting that more work is needed to achieve the UN goals. Achieving moderate level of viral suppression at 6 months of follow-up is promising, suggesting high level of medication adherence among those retained in care. Our findings also indicate that having stronger social network support is an important factor in succeeding in all points in the HIV care continuum pathway.
There is consistent evidence that social networks exert strong social influence on the engagement of network members in the HIV care continuum. [21] [22] [23] In addition to stigma affecting HIV infection, MSM often are affected by stigma related to sexual practices and sexual orientation. 24, 25 Stigma is a fundamental barrier to engagement into HIV care and negatively impacts patient outcomes. 11, 12 Social support systems reduce stigma and improve individual acceptability of HIV infection as well as successful navigation throughout the HIV care continuum pathway. 23, 26 Instrumental support such as provision of financial assistance, emotional support such as comfort, and informational support such as advice on dealing with difficult situation may have facilitated the uptake of HIV testing, initiation of ART, and eventual viral suppression in this cohort. Previous research among Ghanaian MSM demonstrated that family and friend's social support and positive experiences at the health care setting facilitated HIV care. 27 We observed an interaction between network size and social support in that those with both a larger network and higher social support were more likely to initiate ART and achieve viral suppression compared with participants with smaller network size and social support. The larger the network size, the higher the likelihood of receiving social support to positively influence HIV care outcomes. Structured social support systems tailored to KP are critical to engaging MSM into care, improving health, and prevention of HIV infection.
Younger MSM were less likely to test for HIV compared with older participants. Globally, adolescents and young MSM are at increased risk of HIV due to the many developmental, psychological, social, and structural transitions that converge in this period of the lifespan. 28 The starting point for all interventions must still be HIV counseling and testing. Innovative ways to promote testing have shown promise, including incentivization, self-testing, and mobile health, 29, 30 but more evaluation to show effectiveness in this age group is required. Comparison of those who tested and those who did not test demonstrated that a higher proportion of those who did not test (36%) had less than senior secondary school education compared with 12% for those who tested, suggesting the importance of education on HIV testing. Furthermore, among those who did not test for HIV at study entry and never sought HIV testing before, 34% were 19 years or younger compared with 6% who were 30 years or older, emphasizing the need to improve HIV testing and engagement in care among young MSM.
These analyses demonstrated that a fair proportion of participants did not initiate treatment. As previously documented, the shock of new HIV diagnosis and fear of being discriminated by the peer or family 18, 31 may explain the moderate rate of ART initiation. Because of marginalization and high mobility, approximately one-third of HIV newly diagnosed MSM who did not initiate ART in this study moved to a different location. Interventions to alleviate stigma and strengthening of drop-in centers with culturally competent health care providers to better serve mobile KP are critical.
The achieved moderate level of viral suppression in this cohort of MSM suggests that provision of MSM-friendly clinical services is effective. Although VL suppression rate among MSM is lacking in Nigeria, previous data among heterosexual individuals showed suppression rates that are comparable with our data. 32, 33 Younger MSM had a decreased odds of achieving viral suppression. Successful viral suppression requires optimal adherence to ART. Previous data on MSM showed levels of ART adherence ranging from 16% to 74%, with younger MSM having lower adherence rates. 34, 35 Interventions to improve adherence among young MSM such as treatment support and reminders from network members 36 are essential to improve sustained viral suppression.
Religion was a significant predictor at all points of HIV care cascade. Compared with Christians, Moslems had decreased odds of HIV testing and ART initiation. Previous research showed overwhelming opposition of homosexuality by Islamic society, 37 which could explain the low uptake of HIV testing and treatment among Moslem gay men in this study. Although Moslem lag behind Christians in HIV testing and treatment, a few of those engaged in care tended to have better viral suppression outcome, indicating that with better support, good health care outcomes could be achieved among Moslem gay men.
The main strength of these analyses is the characterization of HIV care continuum using a well-established cohort of MSM as opposed to the use of cross-sectional data. However, our study is not without limitations. Alter sexual behaviors data were reported by the ego; reporting bias cannot be eliminated, although we assessed the confidence in egos' recall on information about alters. In addition, loss to follow-up was high. Because participants who were lost to follow-up tended to have lower level of education and less exposure to HIV education, our effect size on HIV care cascade outcomes might be underestimated. It is also important to acknowledge that the period after HIV diagnosis may entail restructuring of social support networks, and these dynamics may vary. Our ongoing research will establish a baseline understanding of these dynamics and patterns.
CONCLUSIONS
In conclusion, this report represents a rigorous multilevel characterization of the HIV care continuum for MSM from subSaharan Africa, where information has been limited thus far. Our finding underscores that within the context of achieving epidemic control through universal coverage of ART, MSM still lag behind other men and women of similar reproductive age. However, integration of HIV prevention, HIV counseling and testing services, and universal coverage of ART into a community-based setting is necessary and critical in achieving high levels of HIV care continuum outcomes. Interventions that harness the social support network, especially of the young MSM to improve HIV care outcomes, offer promise for longterm efficacy for the 90-90-90 targets.
